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SUMMARY
This report covers the period from July 1 to September 30, 1981,
of the manufacturing methods and technology (MM&T) program for a
ruggedized tactical fiber optic cable.

During this time frame CECOM approval was obtained for the uge of
B.P. Goodrich Estane® 58309 polyurethiéne as a replacement for
Roylar® E-80. Ten cables of the confirmatory sample phase were
fabricated and evaluated. During this phase three cables had to
be remade due to equipment failures. The confirmatory sample
cables passed all optical, environmental, and mechanical tests

with the exception of the low temperature impact test.
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1.0 POLYURETHANE EVALUATION APPROVAL

An intensive study of a polyurethane jacketing compound was com—
pleted. This study was needed because the original compound manu-
facturer sold the polyurethane business line and the buyer had
some difficulties reproducing the original jacketing compound.

The study consisted of testing the polyurethane jacket for its
effect on the mechanical properties of the cable and its effect on

the optical performance of fibers at low temperature (-55°C).

Pive short samples of cables with three different lot numbers and
three different extrusion temperature profiles were fabricated and
evaluated for impact, twist-bend, and flexure resistance at room
temperature, at -55°C, and at +71°C. Two long cables were also
tested for impact resistance at -55°C. These tests demonstrated
that Estane® 58309 BLK-289 meets the mechanical requirements of

MMeT-789898.,

Three cables were fabricated for optical evaluation (attenuation
and dispersion). The attenuation was measured at room temperature

and at -55°C. Two of these cables met the -55°C attenuation goal

demonstrating that Estane® 58309 BLK-289 does not appreciably
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affect the optical performance characteristics of fibers at that
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The polyurethane jacket compound study was completed prior to the

fabrication and evaluation of 12 confirmatory sample cables to -

ensure compliance with specification MMgT-789898.

Oon July 1, 1981, personnel from ITT EOPD visited CECOM and pre-
sented the results of the polyurethane evaluation task. CECOM
approved the compound selected by ITT EOPD (B.P. Goodrich's
Estane® 58309 BLK-289). Tﬁc following changes to the program were

agreed upon

a. Change from Roylar® E-80 to Egtane® 58309 polyure-
thane

b. 8Slip delivery of the confirmatory sample cables from
29 June to 31 August

c. Slip delivery of the pilot run from 27 October to
18 December

The CECOM representatives accepted these changes with the provi-
sion that ITT EOPD provide the following compensation:
a. Color code fibers (ink is acceptable)
b. Include an addendum in the confirmatory sample test
plan to cover the test setup for the twist-bend test.

This was the problem area due to operator interpreta-
tion of procedures which led to failures

E ;z Ce ?gg1one quarterly report for period ending 31 October
; ti ITT EOPD accepted these compensations and was given a verbal
: ;f go-ahead.
I .
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CECOM representatives were concerned about the surface finish of
the cable. As a result, they wanted as dull'a finish as possible.
Since, however, a dull surface finish was not specified in the
contract and since the effect of any modification on the perform-
ance characteristics of polyurethane is unknown, ITT EOPD agreed
only to explore the possibility of providing a dull finish in the

future.

14208a 3
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2.0 FIBER SELECTION

1 ! Fibers used for the fabrication of 12 confirmatory sample cables
were selected based on the following ITT specifications at room

temperature before cabling:

- a. Fiber core S50 um 5 um
b. Piber outside diameter (o4) 125 um 26 unm
c. Attenuation at 0.82 um <4.5 dB/km
4. Dispersion at 0.82 um <1.7 ns/km
e. Numerical aperture (NA)
(90% power) 20.17
L £. Proof-test 689.5 MPa
- g. Dow Corning Sylgard® 184
buffer 0.3 mm
: h.. Hytrel® 7246 jacket 0.9 mm
, n i. Fiber length 1.1 km
- These specificrs*ions were chosen to take into account cabling
- excess loss, dispersion changes during cabling and startup, and
: ! end losses experienced during fiber and cable jacketing.

142050 4




3.0 FABRICATION OF CONFIRMATORY SAMPLE CABLES
’! Twelve confirmatory cables were fabricated. Figure 3.0-1 shows
the cable configuration fabricated. Three cables failed and will

have to be replaced.

One cable failed extrusion of the final jacket. Two temperature
controllers which control extruder barrel heat zones malfunc-
tioned. This malfunction resulted in a viscosity change of the
plastic and, hence, a change in cable jacket diameter fluctuation.
The final length of the cable was 989 m. The second cable was

I §; rejected for a broken fiber approximately 600 m from the end. The
- third cable was rejected for jacket damage during high temperature

testing. The controller governing the temperature of the test

: E! chamber malfunctioned and allowed the temperature to rise above
the set point. This malfunction was corrected by installing a
E Ef controller that can be adjusted to a few degrees above the test
temperature and will shut off the unit if the set point tempera-

ture is reached.

-

: ' One of the three replacement cables has been fabricated and
- f? tested. The fibers for the remaining two cables are being
X selected and evaluated.
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OPTICAL FIBERS
KEVLAR® 49 380 DENIERS

POLYURETHANE JACKET

POLYURETHANE INNER JACKET

NON IMPREGNATED KEVLAR® 49
1420 DENIERS 18 YARNS

OUTER POLYURETHANE JACKET

OPTICAL FIBER = .04 ALL FIBER
ALL DIMENSIONS IN MM

t—— 3.05 —=

| 6.35 MAX ———————>~]

302 10787

Figure 3.0-1., Basic MM&T Cable Design.
14205a ' 6




4.0 EVALUATION OF CONFIRMATORY CABLES

The results of optical, environmental, and mechanical tests per-
formed on confirmatory cables are described on the following

pages.

4.1 Confirmatory Sample Preproduction Lot

The confirmatory sample preproduction test lot consists of 12 1-km
cables wound on DR-5 reels. The mechanical test samples were
selected from 3 of the 12 reels. Environmental test samples con-
sisted of 1-km cables wound on DR-5 reels, with the exception of
short samples for the fungus tests. Of the remaining nine cables,
three were exposed to all environmental tests. Three cables were
allocated individually for one of the three environmental tests.
A total of four samples were evaluated in each test. The samples
were selected and allocated at random. Refer to Figure 4.1-1 for
the preproduction test procedure flow chart. Tables 4.1-1 and

4.1-2 outline the test performed on each individual cable.

4.2 Optical Test
4.2.1 Attenuation Test
The attenuation tests were performed by the cutback method. This

procedure is described in the test report for phase 3 MM&T cables

in Appendix A. The optical attenuation of each cabled fiber was

measured at six selected wavelengths: 8,200; 8,500; 10,600;

14208a o 7
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Table 4.1~1. Confirmatory Sample Cables.

Cable Number

-hd

-
N O ®©® 9 0 v & W N

-l

Batch Number

071781-4C-1
071881=-4C-1
071881-4C-2
071881~-4C-3
072081-4C-1
071681=4C-1
072081-4C=-2
082781-4C-1
091881-4C-2
091781-4C-1
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11,000; 12,000; and 13,000 A, All the cable samples were tested

to meet the <5 dB/km attenuation requirement.

The calculation procedure followed Method 6020 of MIL-STD-1678.
The output through'the fiber was measured at 0.82 um for injection
numerical apertures of 0.89, 0.124, 0.176, and 0.243. The atten-
uation at each of the remaining five wavelengths was measured at
an injected NA of 0.089. The single injection NA was selected to
avoid changing injection NA conditions at each wavelength thereby
eliminating input variation between the short and long length mea-

surenents,

PLEN A
T

Once the output through the long length was measured at the speci-
fied wavelengths, the fiber was cut at a distance of 1 m from the
injection end. A new end was prepared on the output end of the

reference length and the measurement repeated for the short

length. The attenuation test setup is shown in Pigure 4.2.1-1,

The attenuation of each test fiber at all six wavelengths with an
ihput NA of 0.089, except at 0.827 um where four injection NA
values were used, is reported. All fibers tested passed the

specification. Results are recorded in Appendix A.

4.2.2 Pulse Dispersion

All confirmatory cables were tested for pulse dispersion to

14205a 12
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determine if the requirement of 2 ns/km maximum was met. The 50%
(3 dB) optical pulse dispersion of the test fiber was measured
using existing equipment (Figure 4.2.2-1) operating at 9000 A,
Method 6050 of DOD-STD-1678 was utilized. The 50% pulse disper-
sion requirements of optical fibers were met. The results of the

testing of optical fibers are recorded in Appendix A.

4.2.3 Numerical Aperture (NA)

All confirmatory cables were tested to determine if the Na
requirement of >0.17 was met. The exit NA, defined as sin ¢/2
where ¢ is the core angle containing 90% of the output power of
each cabled fiber, was measured at a wavelength of 0.82 um. The
required NA specification was met for each optical fiber and is

reported in Appendix A. The NA station is illustrated in PFigure

40203-10

4.3 Environmental Test

Environmental test samples consisted of 1-km cables wound on DR-5
;7,{_ reels, with the exception of short samples for the fungus tests.

All 12 reels were subjected to high and low temperature cycling.

E T: Six cables were allocated individually for one of the six environ-
[ mental tests (fungus, humidity, temperature shock, and vibration).
:; o A total of seven samples was evaluated in each test. All samples
[ were selected and allocated at random.

P

142050 ' 14
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4.3.1 Pungus Test .

Fungus testing was conducted in accordance with MIL-STD-810B,
Method 508.1, Procedure I, at the Aerospace Research Corp. in
Roanoke, Virginia. The samples contained small unrelated colonies
of fungus. A very light surface growth was evident but was easily
wiped clean with a dry paper towel (per specification). The fun-
gus test was successfully met and the results are described in

Appendix B.

4.3.2 High Temperature Cycle

Each cable sample was tested in accordance with MIL-STD-810,
Method 501.1, Procedure II, except that steps 7 and 8 were omitted
per program requirements and paragraph 4.1 of the preproduction
procedures for ruggedized tactical fiber optic cable, ITT Doc Id
No 80-29-09, Revision III. There was no breakage of individual

fibers or other visible cable damage and all cables met the opti-

cal requirements. The optical results are recorded in Appendix G.

4.3.3 Low Temperature Cycle

The cable samples were tested in accordance with MIL-STD-810,
Method 502.1, Procedure I, except that steps 4 and 5 were omitted
and paragraph 4.2 of the MMsT preproduction test procedure for
ruggedized tactical fiber optic cable, ITT Doc 14 No 80-29-09,
Revision III. There was no visible cable damage and there were no
broken fibers. The low temperature cycle test passed ard optical

results are reported in Appendix G.

14208a 17
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4.3.4 Humidity Cycle

Four cables were subjected to the humidity cycle in accordance
with MIL-STD-810, Method 507.1, Procedure II, and paragraph 4.4 of
the MM&T preproduction test plan for ruggedized tactical fiber
optic cable, ITT Doc Id No 80-29-09, Revision III. The four cable
samples were evaluated for attenuation, dispersion, and 90% power
NA after humidity test. There was no visible cable damage and no
broken fibers and the cables met all optical requirements. The

optical results are reported in Appendix C.

4.3.5 Vibration Test

Four 1-km cables were subjected to secured cargo and loose cargo
tests ¢.ring the vibration phase. The vibration tests were con-
ducted in accordance with paragraph 4.6 of the preproduction test
procedure for ruggedized tactical fiber optic cable, ITT Doc Id No
80-29-09, Revision III. The attenuation for each cable at the
specified wavelengths was measured along with the dispersion and
90% power NA with no significant change. No damage to the cable
or reel occurred during the test. The vibration test was success-

fully met and test results are recorded in Appendix D.

4.3.6 Temperature Shock
Four cable samples were subjected to the temperature shock cycle
in accordance with MIL-STD-810, Method 503.1, and paragraph 4.3 of

the preproduction test procedures for ruggedized tactical fiber

14205a ‘ 18
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optic cable, ITT Doc Id No 80-29-09, Revision III. The four cable
samples were evaluated for attenuation, dispersion, and 90% power
NA after this test with excellent results. All requirements were

met and test results are recorded in Appendix E.

4.4 Pinished Cable Test

Three cable samples were subjected to static tensile load and
mechanical test. The cables were subjected to a static tensile
load and impact, twist-bend at room temperature, high temperature

(+71°C), and low temperature (-54°C).

4.4.1 Static Tensile Load Test

Three cable samples were subjected to a static tensile load of
1780 N (400 1lbg) in accordance with paragraph 3.1 of the prepro-
duction test procedure for ruggedized tactical fiber optic cable,
ITT Doc Id No 80-29-09, Revision III. There was no breakage of
individual fibers or visible cable damage within the gage length.
The static tensile load test passed requirements and test results

are recorded in Appendix F,

4.4.2 Mechanical Test

Three 15-m lengths were cut from test cables for the mechanical
testing. The cables were subjected to impact, twist, and bend
tests at room temperature, high temperature (+71°C), and low tem-
perature (-54°C). Impact testing was performed at a loading of

3 ftelbg. The load mass for twist and bend was 22 1lbp, (10 kg).

l14205a 19
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The cable samples were tested in accordanc¢ with the preproduction
test procedure for ruggedized téctical fiber optic cable, ITT Doc
Id No 80-29-09, Revision III.

4.4.2.1 1Impact Test

Three 15-m lengths of test cable were subjected to impact test at
room temperature, +71°C, and -54°C. These cables were tested in
accordance with paragarph 3.2.1 of the preproduction test proce-
dure for ruggedized tactical fiber optic cable, ITT Doc I4d No 80-
29-09, Revision III, and DOD-STD-1678, Method 2030, Procedure I.
Impact testing was performed at a loading of 3 ft;lbf. The cable
samples passed all the tests except low temperature impact. This
failure is being investigated in detail. All test cables
successfully passed the twist test. The results of the impact

testing are recorded in Appendix F.

4.4.2.2 Twist Test

Three 15-m lengths of test cable were subjected to twist tesﬁ;aé
room temperature, +71°C, and -54°C. These cables were tested in
accordance with paragraph 3.2.2 the preproduction test procedure
for ruggedized tactical fiber optic cable, ITT Doc I4d No 80-29-09,
Revision III, and DOD-STD-1678, Method 2060, Procedure I. The
load mass for the twist test was 22 lby (10 kg). There was no
visible cable damage and there were no broken fibers. All test
cables successfully passed the twist test. The results of the

twist test are recorded in Appendix F.

l4205¢a . 20
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4.4.2.3 Bend Test

Three 15-m lengths of test cable were subjected to bend test at
room temperature, +71°C, and =54°C. These cables were tested in
accordance with paragraph 3.2.3 of the preproduction test proce-
dure for ruggedized tactical fiber optic cable, ITT Doc Id No
80-29-09, Revision III, and DOD~STD-1678, Method 2010, Procedure
I. The load mass for the bend test was 22 lby (10 kg). There was
no visible cable damage and there were no broken fibers. All
cable samples passed the test. The results of the bend test are

recorded in Appendix F.
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5.0 CABLE MANUFACTURING PROCESS, EQUIPMENT, TOOLING, AND
MEASUREMENTS

This section describes the manufacturing process, equipment and -

tooling used to manufacture the MMiT cable as well as optical

evaluation of the cables.

5.1 Cable Manufacturing Process

The basic MM&T cable design is shown in Pigure 5.1-1. The cable

fabrication flow chart is shown in Figure S5.1-2.

The MM&T cable optical core contains six optical fibers contra-

helically laid around a polyurethane coated Kevlar® central mem-

4

ber. A jacket of polyurethane is extruded over the optical core.

Then the jacketed optical core is served with 18 Kevlar® strength

P P
MAOARAAARMIE S

T
1. J

members before a final jacket of polyurethane is applied.

5.1.1 Fiber Rewind Station
) This station (Figure 5.1-2, Operation El) is used to respool and

inspect fibers in preparation for the subsequent stranding opera-

NN {( Drmateten
" P I
. ' ,
A

e
.

tion. The equipment consists of a rewinder, an optical lump

detector to examine the fiber buffer jacket for any nonuniformi-

e P SR A

ties, and a constant-tension compensating payoff to eliminate

ﬁ fiber breaks.

This unit is also used to visually inspect fibers for buffer

jacket flaws.

14205a . 22
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OPTICAL FIBERS
KEVLAR® 49 380 DENIERS

POLYURETHANE JACKET

POLYURETHANE INNER JACKET

NON IMPREGNATED KEVLAR® 49
1420 DENIERS 18 YARNS

OUTER POLYURETHANE JACKET

OPTICAL FIBER = .94 ALL FIBER

Pigure 5.1-1. Basic MMgT Cable Design.
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FPigure 5.1-2, Cable Pabrication Flow Chart.
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5.1.2 Piber Continuity Check Station

Before fibers are stranded into a cable bundle, continuity of each
fiber is tested and any defects or broken fibers are removed. The
unit used at this station (Pigure 5.1-2, Operation E2) is an
instrument designed for detecting and locating faults in optical
fibers, for measuring their length, and for analyzing their trans-
mission characteristics. The instrument operates by launching a
pulse of laser light into the fiber and monitoring the amplitude
and time delay of events in the light reflected back along the
fiber.

5.1.3 Kevlar® Jacketing Station

This station (Figure S5.1-2, Operation E3) is used to overcoat a
Kevlar® 49-380 denier yarn with a polyurethane jacket which is
used as the central core for the optical bundle. A 1-in extruder
is used to pressure extrude the polyurethane jacket at a rate of
76 m/min. An automatic diameter control unit is used, which meas-
ures the extruded jacket diameter of the core element and regu-
lates the line speed to provide a constant diameter over the

existing cable length,

S.1.4 . Respooling Station for Polyurethane Jacketed Kevlare®
Central Strength Member

The identical equipment as used for the fiber rewind operation
(paragraph 5.1.1) is employed. The capacity of this unit is anplg
to perform both fiber rewind and central strength member respool-

ing operations.
14205¢a . 28
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S.1.5 Optical Core Stranding Station

This station is used (Pigure 5.1-2, Operation E5) to strand six
optical fibers helically around the polyurethane Kevlar® jacketed
central stength member. A high speed single twist closing unit
equipped with a 13-bay neutralizing unit is employed. The unit
operates at 1800 m/h.

S.1.6 Optical Core Jacketing Station

Station BE6, Figure 5.1-2, is used to extrude the polyurethane
jacket over the optical core. The jacket is applied with a
1-1/2=-in extrusion line capable of extruding the first jackeét at
68 m/min.

5.1.7 Kevlar® Stranding Station

Station E7, Pigure 5.1-2, is employed to strand 18 Kevlar®
strength members around the jacketed optical core. The Kevlar®
stranding machine contrahelically serves the 18 Kevlar® strength

members around the optical core. The Kevlar® serving line is

capable of stranding Kevlar® at 20 m/min,

by 5.1.8 Pinal Jacketing Station
F ?7 A 2-in extrusion line (Pigure 5.1-2, Operation E8) is used to
) extrude the final cable jacket. The extrusion line is capable of

extruding the final jacket at 42 m/min which is double the rate

a " required for the MMaT program.

L:-
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S.1.9 Pinal Cable Respooling Station

The cable is respooled on the Pederal cable rewinder (Figure
5.1-2, Operation E9) for shipping. This machine enables an
inspector to visually inspect the cable for anomalies and

irregularities while being spooled on the DR-5 reels.
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: 6.0 SUMMARY OF ACCOMPLISHMENTS

‘ I! The objectives of the work performed during this quarter were to |
(a) obtain approval from CBECOM for the use of B.F. Goodrich
Estane® 58309 as a replacement polyurethane for Roylar® E-80 and

(b) fabricate and evaluate confirmatory sample cables.

The approval for use of the Estane® 58309 was given during a meet-
ing with ITT EOPD and CECOM representatives on July 1, 1981, at
Fort Monmouth, New Jersey. The approval was given on the provi-
sion that ITT EOPD would provide the following compensation:

a. Color code MM&T fibers

b. 1Include a change page in the confirmatory sample test
plan to cover the test setup for the twist-bend test

¢. Add monthly reports until program completion

g d. Ad4d one gquarterly report for the period ending
31 October 1981

Twelve confirmatory cables were fabricated. Three cables failed

. ! and will be replaced. One cable failed during extrusion of the

‘ final jacket. Two temperature controllers that determine the tem-
perature of the extruder barrel malfunctioned. This malfunction

changed the viscosity of the plastic, causing bridging in the

D §

_ extruder. Bridging causes an uneven plastic flow which results in
: = cable diameter fluctuation. The final length of this cable was
= 989 m. The second cable was disqualified for a broken fiber

approximately 600 m from the end. The third cable was being high

1205¢a . 28
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temperature tested when the voltage regulator for the electronic
circuit changed values. The result was an increase in the tem-

perature of the test chamber, causing damage to the cable jacket.

All optical, environmental, and mechanical tests performed on con-
firmatory cable samples were successfully completed with the
exception of the low temperature impact test. Cable samples
tested at 3 ft°lb and -55°C resulted in one or more broken fibers.

This failure is being investigated in detail.

: 12205a : 29




7.0 PERSONNEL
The personnel involved in the cable MM&T program, their responsi-
bilities, and their hours expended om the program during this

period are listed in Table 7.0-1.

Fe
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Table 7.0-1. Personnel Working on the MMgT Program.

Man-Hours

Name Responsibility Expended
R. Coon Program management 66
J. Smith Senior project engineer 44
D. Taylor Cable production 143

ﬁ..,v.
.’-‘a -
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Table 7.0-2., Man-Hours Expended Compared With Plan.

Program
Proposed Manager Engineer Manufacturing Support Total

Program
to date 540 7,144 4,120 1,000 12,804

Actual

This
period 76 102 1,627 - 1,805

Program
to date 727 5,393 4,854 273 11,247

ey
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8.0 PROGRAM FOR NEXT QUARTER
The program for the next quarter includes the following objec-
tives:

a. Complete fabrication and evaluation of confirmatory
cables.

b. 1Investigate low temperature impact failure.
Cc. BSelect optical fibers for pilot run,

d. Submit monthly progress reports,

LANEY N Su Jan mn
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APPENDIX A

OPTICAL TEST DATA
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Table A-1. Dimensional Measurements (continued).

Cable 3: 071881-4C-2

Core Diameter (um) Cladding Diameter (um)

Fiber
Identification SOP* EOQp** 8op* EQP**
1 Blue 50 x 48 47 x 45 126 x 125 126
2 Orange 50 x 49 50 x 49 125 x 124 125 x 124
3 Brown 47 x 45 48 126 126
4 white 50 49 x 46 124 x 123 125 x 124
5 Slate 51 x 49 51 x 49 126 x 124 125 x 124
6 Green 51 x 50 51 x 50 124 x 123 124 x 122
Cable 4: 071881-4C-3
1 Blue 49 x 48 49 x 48 127 x 124 126
2 _Oannm 50 x 47 50 x 47 126 x 125 126 x 124
3 Brown 53 51 x 50 126 x 124 126 x 124
4 White 49 x 46 52 x S1 127 x 126 127 x 125
5 Slate 53 x 52 51 x 54 125 126
6 Green 50 x 49 49 x 48 126 x 125 126 x 125

* Start of pull, bottom spool.
** End of pull, top of spool.
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APPENDIX B

FUNGUS TESTING RESULTS
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AERQOSPACE RESEARCH CORPORATION
TEST DATA

cusToMER 1 TT Electro-Optical Division TEST ITEM Fiber Optic Cable

TEST SPECIFICATION___ MIL-STD-8I0B, Method 508.1. Procedure I

PARAGRAPH NUMBER PART NUMBER
SERIAL NUMBER 2,5, 7and TAOC
TEST TITLE Fungus Test
P.O. NUMBER _ 34395 TEST CONDUCTED BY _ Gary W, Long
TEST ROOM BAROMETRIC -
DATE 8-11-81 TEMP. +84 *F TEMP. +72 *F PRESSURE 29.04 In. Ha.

Prior to start of Fungus Test the Optic Fiber samples were cleaned with isopropyl alcohol.
The samples were then placed in the Fungus Chamber and sprayed with previously prepared
and tested fungus culture. The fungus culture preparation and test were conducted in
accordance with MIL-STD-810B, Method 508.1, Procedure 1.

The chamber was maintained at +84°F and 95 percent relative humidity for a perioc.l of

28 days. The test was started on August ll, 1981, and was completed on September 8,
1981.

At the end of the 2B day test the samples were visually inspected for fungus growth.

A light fungus growth was observed on all samples.

The Optic Fiber samples were returned to 1TT, Electro-Optical Products Division for

-k a complete inspection and test evaluation.

B-2

Aerospace Research Corporation, Roanoke, Va.




CERTIFICATION
We certify that this test data is a true report on our Fungus ﬁest on four Optic
Fiber samples, S/N's 2, 5, 7 and TAOC, submitted by 1TT, Electro-Optical
Products Division of Roanoke, Virginia. Calibration of our instrumentation
is traceable to the National Bureau of Standards.
Respectfully submitted,
AEROSPACE RESEARCH CORPORATION

Kokie & Y

Leslie C. Rose
Vice President

Subscribed and sworn to before me this_9th  day of _September _ , 1981.

Wm commission expires July 16, 1984.
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APPENDIX C

HUMIDITY TEST DATA
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AEROSPACE RESEARCH CORPORATION
TEST DATA

customMer ! TT, Electro=Optical Products TEST ITEM Fiber Optic Cable (1 reei)
TEST SPECIFICATION Deoc. 1d. No. 80-29=09, Revision I
PARAGRAPH NUMBER 4.6 PART NUMBER
) SERIAL NUMBER #2
TEST TITLE Vibration Test (Loose Cargo)
: P.O. NUMBER 34394-01 TEST CONDUCTED BY Gary W. Long
- TEST ROOM BAROMETRIC
DATE  9-26-8l TEMP. +7 °F TEMP. +70 °F PRESSURE  29.20 In, He.
!

The Loose Cargo Vibration Test was conducted in accordance with paragraph 4.6 of
| Preproduction Test Procedure for Ruggedized Tactical Fiber Optic Cable Document

Identification number 80-29-09, Revision 11.

The test sample was placed in the test fixture with reel axis perpendicular to test

o bed of package tester. The package tester operated at 284 r.p.m., with 1 inch
L vertical double displ-: sment. The sample was vibrated for 30 minutes.
£ x The reel was then turned 180 degrees and tested for 30 minutes.
E The reel was then placed in the axis parallel to the test bed and tested for 30
:: minutes. After-30 minutes vibratrion the reel was turned 180 degrees and vibrated
for-30 minutes.
f‘ = At the conclusiom of the 2 hour vibration test the sample was inspected for evidence

of visible physical damage and none was observed.

- Remarks: The reel of Fiber Optic Cable was returned to ITT for complete

inspection and test evaluation.

oy T
P P Y
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AEROSPACE RESEARCH CORPORATION
TEST DATA

cusToMER_LTT, Electro-Optical Products TEST 1TEM___ Fiber Optic Cable (1 reel) -

TEST SPECIFICATION Dec. Id No. 80-29=09, Revision I1
PARAGRAPH NUMBER 4.6 PART NUMBER
SERIAL NUMBER #2
TEST TITLE Vibration Test (Secured Cargo)
P.0. NUMBER 34395-01 TesT coNpuctep By S.D. Bermard
TEST ROOM BAROMETRIC
DATEZ___9-25-8lL __ TEMP. ~78 °F TEwP. ~78 °'F emessurg__29.33 In he.

The Secured Cargo Vibratior Test was conducted in accordance with Preproduction
Test Procedure for Ruggedized Tactical Fiber Optic Cable Document ldentificationr
number- 80-29-09, Revisiom [I.

The test sampie was mcunted o the vibration exciter-and subjected to the following.
secured cargo vibratiomw test in the lateral and longitudinal axes. The vibratiomr

time was 84 minutes per-axis. The sweep time {rom 6 to 200 to 6 Hz was |2 minutes.

quencv. Hz G level

At the conclusiom of the vibratiom test the sample was. inspected for evidence: of

visible physical damage and none was observed.

D~10

Aerospace desearch Corporation, Aoanoke, Va.




CERTIFICATION -
We certify that this test'data is a true report of our Vibration Tests (Secured Cargo,
and Loose Cargo) on one reel of Fiber Optic Cable, submitted by ITT, Electro~Optical
Products Division, Roanoke, Virginia. Calibration of our instrumentation is trace-
able to the National Bureau of Standards.
Respectfully submitted,
AEROSPACE RESEARCH CORPORATION

Leslie C. Rose
Vice President

. Subscribed and sworn to before me this__29th_day of __September _ , 1981,

, — é ‘% % é ﬁ Gzﬂd My commission expires July 16, 1984.
o ic
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AEROSPACE RESEARCH CORPORATION
TEST DATA

CuSTOMER_ITT, Electro-Ovtical Products TEST ITEM Fiber Ogtic Cable (1 reel) -

TEST SPECIFICATION Doc. [d No. 80-29=09, Revision 11

PARAGRAPM NUMBER 4.6 PART NUMBER
SERIAL NUMBER #6and #7

TEST TITLE Vibration Test (Secured Cargo)
P.O. NUMBER 34395-01 TEST CONDUCTED BY Henry Messenger
TEST ROOM - BAROMETRIC .
oaTE__ 9-21-8l TEMP.___ =70 °F TEMP. =70 _°F pressupg__ 2905 In. Ha._

The Secured Cargo Vibration Test was conducted in accordance with Preproduction
Test Procedure for Ruggedized Tactical Fiber Optic Cabie Document [dentification
number 80-29=09. Revision II.

The test sample was mounted on the vibration exciter and subjected to the following
secured cargo vibration test in the lateral and longitudinal axes. The vibration

time was 84 minutes per-axis. The sweep time from 6 to 200 to § Hz was 12 minutes.

Freguency, Hz G level
3=200 1.5

At the conclusion of the vibration test the samplie was inspected for evidence of

visible physical damage-and none was cbserved.

D-12

Aerospace esearch Corparation, Rcanoke, fa.




AEROSPACE RESEARCH CORPORATION
TEST DATA

customer | TT, Electro~Optical Products TEST ITEM Fiber Optic Cabie (1 reel)
TEST SPECIFICATION Doc. [d. No. 80=-29=09, Revision [!
PARAGRAPH NUMBER 4.6 PART NUMBER

SERIAL NUMBER #6 and #7

TEST TITLE Vibration Test (Loose Carso)
P.0. NUMBER 34395-01 TEST CONDUCTED BY Gary W. Long
TEST ROOM _ SAROMETRIC
DATE  9=22-81  TEMP. +70 °F TEMP.  +70  °F DPRESSURE 29.00 In. +a.

The Loose Cargo Vibration Test was conducted in accordance with paragraph 4.6 of
Preproduction Test Procedure for Ruggedized Tactical Fiber Optic Cable Document
ldentification number 80-29=09, Revision (1.

The test sampie was placed in the test fixture with reel axis perpendicular to test
bed of package tester. The package tester opersated at 284.r.p.m., with | inch
vertical double displacement. The sample was vibrated for 30 minutes.

The reel was them turned 180 degrees and tested for 30 minutes.

The reel was them placed in the axis parallel to the test bed and tested for 30
minutes. After 30 minutes vibratiom the reel was turned 180 degrees and vibrated
for- 30 minutes.

At the conclusion of the 2 hour vibration test the sample was inspected for evidence

of visible physical damage and none was observed.

Remarks: The reel of Fiber Optic Cable was returned to ITT for compiete

inspection and test evaluation.

D-13

Aerospace Yesearch orsoration, Roanoke, Va.
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CERTIFICATION
We certify that this test da.fa is a true report of our Vibration Tests (Secured Cargo
and Loose Cargo) on two reels of Fiber Optic Cable. S/N's 6 and 7, submitte.d by
ITT, Electro=Optical Products Division, Roanoke, Va. Calibration of our instru~
mentation is traceable to the National Bureau of Standards.
Respectfully submitted,

AEROSPACE RESEARCH CORPORATION

7

i I KFee—
Leslie C. Rose
Vice President

Subscribed and sworn to before me this 22nd day of September |, 198].

- My commission expires July 16, 1984.
otary i1c
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AEROSPACE RESEARCH CORPORATION
TEST DATA

customes ! TT, Electro-Optical Products TeST I1TEM Fiber Optic Cable (1 reel)

TEST SPECIFICATION Doc. [d. No. 80-29=09, Revision [
PARAGRAPH NUMBER 4.6 PART NUMBER
SERIAL NUMBER #8
TEST TITLE Vibration Test (Loose Cargo)
P.0. NUMBER 34395 TEST CONDUCTED BY__ Gary W. Long
TEST ROOM BAROMETRIC
DATE  9-17-8l TEMP. +75  °F TEMP. +75  *F PRESSURE 29.03 In. 4g.

The Loose Cargo Vibration Test was conducted in accordance with paragraph 4.6 of
Preproduction Test Procedure for- Ruggedized Tactical Fiber Optic Cable Document
ldentificationr number 80-29-0%, Revision [1.
The test sampie was placed in the test fixture with reel axis perpendicular to test
bed of package t\estet. The package tester operated at 284 r.p.m., with 1 inchr
vertical double displacement. The sampie was vibrated for 30 minutes.
The reel was them turned 180 degrees and tested for 30 minutes.
The reel was- then placed in the axis parallel to the test bed and tested for 30
minutes. After 30 minutes vibration the reel was turned 180 degrees and vibrated

« for-30 minutes.
At the-conclusion of the 2 hour vibration test the sampie was inspected for evidence

of visible physical damege and none was observed.

Remarks: The: reel of FiberOptic Cable was returned to ITT for compiete

inspection and test evaiuation.

D-15
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AEROSPACE RESEARCH CORPORATION
TEST DATA

cusToMER _ITT, Electro-Opticai Products TEST ITEM Fiber Qotic Cable (1 reel)

TEST SPECIFICATION Doc. Id No. 80=-29=09, Revision I1
PARAGRAPH NUMBER 4.6 PART NUMBER
SERIAL NUMBER #8
TEST TITLE Vibration Test (Secured Caqo)
P.0. NUMBER 34395 TEST CONDUCTED BY $.D. Bernard
TEST ROOM: BAROMETRIC
DATE 9=16-81 TEMP . +79 F TEMP. =79 __°F PRESSURE__ 28.93 1n. Hg.

The Secured Cargo Vibration Test was conducted in accordance with Preproduction
Test Procedure for- Ruggedized Tactical Fiber Optic Cable Document ldentification
number 80-29=09, Revision II.

The test sample was mounted on the vibration exciter and subjected to the following
secured cargo vibratiomr test in the lateral and longitudinal axes. The vibration

time- was 84 minutes per axis. The sweep time {rom 6 to 200 to 6 Hz was 12 minutes.

Frequency. Hz G level

At the-conclusiom of the vibration test the sampie was inspected for evidence of

visible physiéa.l. damage-and none was observed.

D-16

Aerospace Resesarch Corporation, Roanoke, Va.
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CERTIFICATION

We certify that this test data is a true report on our Vibration Tests (Secured Cargo,
and Loose Cargo) on one reel Fiber Optic Cable, submitted by ITT, Electro-Oprical
Products Division, Roanoke, Virginia. Calibration of our instrumentation is trace-~
able to the National Bureau of Standards.

Respectfully submitted,

AERO?PACE RESEARCH CE)P.PORA‘I‘ION
7 s

.

TN - et
Leslie C. Rose
Vice President

Subscribed and- sworm to before me this__ l8th day of September , 1981.

é: ¢ < é - é 624 My commission expires july 18, 1984.
votary 1c

D-17




APPENDIX E
TEMPERATURE SHOCK TEST DATA
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TENSILE LOAD

Cable QZ’Z!Z"G"[' #3
Saple Langth | s
Gagelamgth Q2 m

Starting Tensile Load(t=0) 4/ &  1b,

Adjustments During Test

Specification
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II-5.1 TENSILE LOAD |
Cable__07208/~9C~-2 -
Sample Length ® -
Gage Length 736 €3-G8»2) n Specification
Starting Tensile Load(t=0) 423 1be 400 min
(1 1bg = 4.448 N) N . 1780 min
Adjustaents During Test
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